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L Providing a carrier substrate having a target thickness, wherein an
- insulating material layer and a structured conductive layer are arranged
- onafirst main surface region of the carrier substrate, whersin the 110
insulating material 1aver is arranged between the carrier substrate and
the structured conductive layer

extending between the Hirst and second main suriace regions of the

carrier substrate, wherein the cavities form a frame structure which
aterally surrounds the cavities, wherein first portions of the structured
conductive layer which span the cavities form active heating regions  ~~120

of the IR emitter elements, and wherein second and third portions

of the structured conductive layer which are supported by the frame

structure form first and second contact pads of the IR
smitter elements

Placing a filter substrate having a filler carrier subsirate and a filter layer
| on the adhesive spacer elements, so that the tilter layer is arranged =140
hetween the adhesive spacer elements and the tilter carrier substrate

Fre-dicing through the tilter subsirate for exposing the contact pags _
of the structured conductive layer -160

icing through the irame structure in the carrier substrale for separating | _
f the integraled IR emitier elements having an optical filter 17y
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WAFER LEVEL METHOD FOR
MANUFACTURING INTEGRATED
INFRARED (IR) EMITTER ELEMENTS
HAVING AN OPTICAL IR FILTER PLACED
ON THE MAIN SURFACE REGION OF THE
CARRIER SUBSTRATE ON WHICH THE IR
EMITTER IS FORMED

This application claims the benefit of European Applica-
tion No. 19155782, filed on Feb. 6, 2019, which application
1s hereby incorporated herein by reference.

TECHNICAL FIELD

Embodiments relate in general to the field of MEMS
devices (MEMS=microelectromechanical system) and,
more specifically, to a method for manufacturing integrated
IR (IR=infrared) emitter elements having an optical filter.
Thus, embodiments relate to a method of manufacturing
integrated IR emitter elements having an optical filter on a
waler level and, further, to the resulting structure of the
integrated IR emitter elements having the optical filter.

BACKGROUND

The detection of environmental parameters in the ambient
atmosphere 1s becoming increasingly important in the imple-
mentation of appropriate sensors within mobile devices, but
also at the application 1n home automation, such as smart
home, and, for example 1n the automotive sector. However,
with the evermore extensive use of sensors, there 1s also a
particular need to be able to produce such sensors as
inexpensively as possible and thus, cost-eflectively, but
nevertheless the resulting reliability and accuracy of the
sensors should be maintained or even increased.

For integrated circuits, like MEMS devices, where result-
ing size (footprint) and height of the resulting chip 1s of high
importance, especially 1t the chip should be implemented 1n
mobile devices, like a smartphone. Additionally, the result-
ing costs for the “sensor chip” are very important for MEMS
solutions.

However, existing solutions cannot provide an IR emitter
and an IR filter which can be implemented 1n a single small
s1ze package with additional other integrated circuits (chips)
especially 1n mobile devices, such as smartphone, as the
resulting combination of IR emitter and IR filter does not
comprise a sulliciently low size (footprint) and height and
cannot be manufactured mmexpensively. Thus, existing solu-
tions for a combined IR emitter and IR filter are especially
too large 1n height and size and too expensive to manufac-
ture and, therefore, not suitable for applications 1n mobile
devices.

In existing solutions, an IR emitter and an IR filter are
separate devices and have to be placed separately 1 a
common package. In specific solutions, the IR filter is
directly placed on the ematter. This 1s typically conducted by
an expensive chip-on-chip-manufacturing process.

Generally, there 1s a need in the art for an approach to
implement an IR emitter element having an optical filter
offering a combination of (1) a small footprint and (2) a
relatively narrow emission spectrum, wherein a relatively
uncomplicated design of the IR emitter element results 1n an
inexpensive fabrication process.

To be more specific, there 1s a need 1n the art to minimize
the complete IR emitter/filter system and to minimize at the
same time the costs.
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Such a need can be solved by the method for manufac-
turing integrated IR emitter elements having an optical filter
according to claim 1. In addition, specific implementations
of the different embodiments are defined in the dependent
claims.

SUMMARY

According to an embodiment, a method 100 for manu-
facturing, e.g., on waler level, the integrated IR
(IR=1nfrared) emitter elements 200 having the optical filter
comprises the step 110 of providing a carrier substrate
having a target thickness, wherein an insulating material
layer and a structured conductive layer are arranged on a first
main surface region of the carrier substrate. The nsulating
material layer 1s arranged, e.g., vertically, between the
carrier substrate and the structured conductive layer.

In step 120, the method comprises back side etching
through the carrier substrate for providing cavities extending,
between the first and second main surface regions of the
carrier substrate, wherein the cavities form a frame structure
which laterally surrounds the cavities. The first portions of
the structured conductive layer which span the cavities form
active heating regions of the IR emitter elements, wherein
second and third portions of the structured conductive layer
which are supported by the frame structure form first and
second contact pads of the IR emitter elements.

In step 130, the method comprises forming adhesive
spacer elements or stand-oils on portions of the structured
conductive layer, which are supported by the frame struc-
ture.

In step 140, the method comprises placing a filter sub-
strate having a filter carrier substrate and a filter layer on the
adhesive spacer elements, so that the filter layer 1s arranged
between the adhesive spacer elements and the filter carrier
substrate.

In step 150, the method comprises fixing the adhesive
spacer elements to the carrier substrate and the filter sub-
strate by curing, e.g., hardening or hard baking, the material,
¢.g., a polymer or epoxy material, of the adhesive spacer
clements.

In step 160, the method comprises pre-dicing through the
filter substrate for exposing the contact pads of the struc-
tured conductive layer.

In step 170, the method comprises dicing through the
frame structure in the carrier substrate for separating the
integrated IR emitter elements having an optical filter.

According to an embodiment, the method 100 may com-
prises an optional step 180 of thinning the carrier substrate
from the second main surface region for providing the
carrier substrate having the target thickness.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the present method for manufacturing
integrated IR emitter elements having an optical filter are
described herein making reference to the appended drawings
and figures.

FIG. 1 shows an exemplary process flow (flowchart) of
the method for manufacturing the integrated IR emuitter
clements having an optical filter according to an embodi-
ment,

FIGS. 2A-2G show schematic cross sectional views
(schematic snapshots) in the x-z-plane at different exem-
plary process stages of the method for manufacturing inte-
grated IR emitter elements having an optical filter on waver
level according to an embodiment; and
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FIG. 3 shows a schematic cross sectional view in the
x-y-plane of an array of manufactured integrated IR emaitter
clements having an optical filter on waver level according to
an embodiment.

Before discussing the present embodiments in further
detail using the drawings, 1t 1s pointed out that 1n the figures
and the specification 1dentical elements and elements having
the same functionality and/or the same technical or physical
ellect are usually provided with the same reference numbers
or are 1dentified with the same name, so that the description
of these elements and of the functionality thereof as 1llus-
trated 1n the different embodiments are mutually exchange-
able or may be applied to one another in the different
embodiments.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

In the following description, embodiments are discussed
in detail, however, 1t should be appreciated that the embodi-
ments provide many applicable concepts that can be embod-
ied 1n a wide variety of semiconductor devices. The speciiic
embodiments discussed are merely 1illustrative of specific
ways to make and use the present concept, and do not limit
the scope of the embodiments. In the following description
of embodiments, the same or similar elements having the
same function have associated therewith the same reference
signs or the same name, and a description of these elements
will not be repeated for every embodiment. Moreover,
teatures of the different embodiments described hereimafter
may be combined with each other, unless specifically noted
otherwise.

It 1s understood that when an element 1s referred to as
being “connected” or “coupled” to another element, 1t may
be directly connected or coupled to the other element, or
intermediate elements may be present. Conversely, when an
clement 1s referred to as being “directly” connected to
another element, “connected” or “coupled,” there are no
intermediate elements. Other terms used to describe the
relationship between elements should be construed i a
similar fashion (e.g., “between” versus “directly between”,
“adjacent” versus “directly adjacent”, and “on” wversus
“directly on”, etc.).

For facilitating the description of the different embodi-
ments, the FIGS. 2A-2G and 3 comprise a Cartesian coor-
dinate system X, y, z, wherein the x-y-plane may correspond,
1.e., 1s parallel, to the first main surface region of the
substrate, and wherein the depth direction vertical to the first
main surface region and into the substrate corresponds to the
“z” direction, 1.e., 1s parallel to the z direction. In the
tollowing description, the term “lateral” means a direction
parallel to the x-direction, wherein the term “vertical” means
a direction parallel to the z-direction.

FIG. 1 shows an exemplary process flow (flowchart) of
the method 100 of manufacturing integrated IR emuitter
clements 200 having an optical IR filter according to an
embodiment.

According to an embodiment, the method 100 for manu-
facturing, e.g., on waler level, the integrated IR
(IR=1nfrared) emitter elements 200 having the optical filter
comprises the step 110 of providing a carrier substrate
having a target thickness, wherein an insulating material
layer and a structured conductive layer are arranged on a first
main surface region of the carrier substrate. The nsulating,
material layer 1s arranged, e.g., vertically, between the
carrier substrate and the structured conductive layer.
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In step 120, the method comprises back side etching
through the carrier substrate for providing cavities extending,
between the first and second main surface regions of the
carrier substrate, wherein the cavities form a frame structure
which laterally surrounds the cavities. The first portions of
the structured conductive layer which span the cavities form
active heating regions of the IR emitter elements, wherein
second and third portions of the structured conductive layer
which are supported by the frame structure form first and
second contact pads of the IR emitter elements.

In step 130, the method comprises forming adhesive
spacer elements or stand-oils on portions of the structured
conductive layer, which are supported by the frame struc-
ture.

In step 140, the method comprises placing a filter sub-
strate having a filter carrier substrate and a filter layer on the
adhesive spacer elements, so that the filter layer 1s arranged
between the adhesive spacer elements and the filter carrier
substrate.

In step 150, the method comprises fixing the adhesive
spacer elements to the carrier substrate and the filter sub-
strate by curing, e.g., hardening or hard baking, the material,
¢.g., a polymer or epoxy material, of the adhesive spacer
clements.

In step 160, the method comprises pre-dicing through the
filter substrate for exposing the contact pads of the struc-
tured conductive layer.

In step 170, the method comprises dicing through the
frame structure in the carrier substrate for separating the
integrated IR emitter elements having an optical filter.

According to an embodiment, the method 100 may com-
prises an optional step 180 of thinning the carrier substrate
from the second main surface region for providing the
carrier substrate having the target thickness.

According to a further embodiment, the carrier substrate
may comprise a semiconductor material or a glass material,
wherein the back side etching step 120 may comprise a
Bosch-etching process in case the carrier substrate com-
prises a semiconductor material, or wherein the back side
ctching step 120 may comprise a wet etching step 1n case the
carrier substrate comprises a glass material.

According to a further embodiment, the step of forming
130 the adhesive spacer elements may comprises the sub-
step 132 of depositing an adhesive material layer on the
exposed surface region of the structured conductive material

layer, and the sub-step 134 of photo-lithographically struc-
turing the deposited adhesive layer for providing the adhe-
sive spacer elements.

According to a further embodiment, the adhesive material
may comprise at least one of a polymer material, an epoxy
resin material and a photoresist material.

According to a further embodiment, the step 132 of
depositing may comprise spin-coating the adhesive material
on the exposed surface region of the structured conductive
matenal layer.

According to a further embodiment, the adhesive spacer
clements are formed to laterally surround the active heating
regions of the structured conductive layer.

According to a further embodiment, the adhesive spacer
clements, which may laterally surround the active heating
regions of the structured conductive layer, and the filter
substrate provide further cavities on the active heating
regions of the structured conductive layer.

According to a further embodiment, the structured con-
ductive layer may comprise at least one opening, e.g., at
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least one ventilation hole to the cavity, in each of the
portions of the structured conductive layer which span the
cavities.

According to a further embodiment, the method may
turther comprise an optional step 190 of release etching the
insulating material layer for removing the insulating mate-
rial layer within the frame structure from the structured
conductive layer.

According to a further embodiment, the release etching
step 190 opens the at least one opening or ventilation hole
in the structured conductive layer 1n the active heating area
of the structured conductive layer 230.

According to a further embodiment, the pre-dicing step
160 through the filter substrate comprises a dicing through
the filter carrier substrate and the filter layer.

According to a further embodiment, the material of the
filter carrier substrate 1s transparent for the radiation emitted
by the heater structure and transmitted through the filter
layer.

In the following, a possible implementation of the method
100 for manufacturing integrated IR (IR=1nfrared) emitter
clements 200 having an optical filter 210 1s exemplarily
described. Furthermore, optional process steps of the
method 100 for manufacturing the integrated IR
(IR=1nfrared) emitter eclements 200 are exemplarily

described.

FIGS. 2A-2G show schematic cross sectional views
(schematic snapshots) in the x-z-plane at different exem-
plary process stages of the method 100 for manufacturing,
the integrated IR emitter elements 200 having an optical
filter 210 on waver level according to an embodiment. Thus,
FIGS. 2A-2G show an exemplary process tflow or tlowchart
of the method 100 for manufacturing the integrated emaitter
clements 200 having the optical filter 210.

With respect to the method 100 as shown in FIG. 2, 1t 1s
pointed out to the fact that this process flow 1s one example
of multiple ways of how to fabricate the integrated IR
emitter elements 210 having an optical filter 210 on wafer
level, wherein the various processing steps can be executed
in a diflerent order or may be combined with additional

fabrication steps and/or structuring techniques.

Step 01—FIG. 2A: As shown 1n step 01 of FIG. 2A, a
carrier substrate 220 having a first thickness to 1s provided,
wherein an insulating material layer 225 and a structured
conductive layer 230 are arranged on a first main surface
region 220-A of the carrier substrate 220. Thus, the 1nsulat-
ing material 225 1s vertically arranged between the carrier
substrate 220 and the structured conductive layer 230.

The carrier substrate 220 may comprise a semiconductor
material, e.g., silicon, or an insulating material, e.g., glass.
Thus, a semiconductor waler or glass water may form the
carrier substrate 220.

Furthermore, the insulating material layer 225 may com-
prise an oxide or nitride matenal, e.g., silicon oxide or
silicon nitride. The insulating material layer 225 may form
in subsequent process steps an etch stop layer and/or a
sacrificial layer (see, for example, steps 03 and 06 below).
The msulating matenal layer 225 may comprise a thickness
t,,< 1n the range between 4 um and 50 um, or between 10 um
and 30 um, for example.

The conductive material layer 230, applied on the 1nsu-
lating material layer 225, may comprise a conductive mate-
rial, e.g., a conductive semiconductor material, such as
s1licon or polysilicon, or may comprise a conductive metal
material, such as platinum, silver, etc. The structured con-
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ductive layer 230 may comprise a thickness t,,, 1n the range
between 1 um and 100 um, or between 10 um and 60 pm, for
example.

The structured conductive layer 230 may form an IR
emitter element layer and may have been applied during an
IR emitter manufacturing process (not shown in FIG. 2A) on
the insulating material layer 225. During that IR emuitter
manufacturing process, ventilation holes 235 may be option-
ally formed in the conductive material layer 230 (=IR
emitter element layer) which may be filled with an 1nsulating
material, e.g., the msulating material of the insulating mate-
rial layer 225. Thus, the structured conductive layer 230 may
comprise at least one opening 235 in each of the portions
230-1 of the structured conductive layer 230 which span the
cavities 240.

Thus, step 1 of FIG. 2 shows a pre-process of providing
a carrier substrate 220, e.g., 1n form of a silicon or glass
substrate water, with the IR emuitter layer 230. In case the
first thickness t , of the carrier substrate 220 corresponds to
the target thickness t, step 1 of FIG. 2 corresponds to step
110 of FIG. 1.

Currently, the thickness of typical carrier substrates 220
(such as for an 8-inch waters), may be in a range between
500 to 1000 um or may be about 725 um (=IR Emitter Water
Full Thickness), for example. In case the following process
steps of the manufacturing method 100 may allow for a
thinner thickness of the carrier substrate 220, an optional
thinning step 160 (see, for example, step 02 below) may be
conducted for thinning the carrier substrate 220 from the
second main surface region 220-B for providing the carrier
substrate 220 having the target thickness t,. Moreover, the
thinner the target thickness t; can be chosen the thinner
(=smaller) are the resulting integrated IR emaitter elements
210.

Step 02—FI1G. 2B: (optional) Thus, the method 100 may
turther comprise the step of thuinning 160 the carrier sub-
strate 220 from the second main surface region 220-B for
providing the carrier substrate 220 having the target thick-
ness ts.

The thinning step 160 may be conducted by means of a
orinding step. Thus, waler thinning of the carrier substrate
220 may be formed by means of a grinding step. The original
substrate thickness t,, which may be in the range of about
725 um, may be thinned by grinding down to 200 um or 250
um (applies to an 8-inch water, for example).

The resulting target thickness t, may be selected such that
the thinned carrier substrate 220 (wafler) may be readily
handled even 1n the subsequent semiconductor manufactur-
ing process steps. Thus, the further process steps are con-
ducted with the thinned carnier substrate 220 having the
target thickness t.

Thus, step 02 of FIG. 2B may correspond to optional step
180 of FIG. 1. To summarize, step 2 of FIG. 2 (=IR emitter
waler thinning) shows the thinning of the IR emitter water
220 to typically less than 250 um, but higher target thick-
nesses t; are of course also possible.

In case, the steps 01 and 02 of FIGS. 2A and 2B are
conducted to provide the carrier substrate 220 having the
target thickness t;, the combination of steps 01 and 02
corresponds to step 110 of FIG. 1.

Step 03—FIG. 2C: In step 3 of FIG. 2C, a backside
ctching step through the carrier substrate 220 1s conducted
for providing cavities 240 extending between the first main
surface region 220-A and the second main surface region
220-B of the carrier substrate 220. Thus, the cavities 240
form a frame structure 220-1 which laterally surrounds the
cavities 240. To be more specific, the carrier substrate 220
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having formed therein the cavities 240 forms the frame
structure 220-1, wherein the cavities 240 are at least partially
laterally surrounded by the material of the remaining carrier
substrate 220.

Furthermore, first portions 230-1 of the structured con-
ductive layer 230 which span the cavities 240 form active
heating regions 230-1 of the IR emitter elements 200.
Second and third portions 230-2, 230-3 of the structured
conductive layer 230 which are supported by the frame
structure 220-1 are arranged to form first and second contact
pads 230-2, 230-3 of the IR emitter elements 200.

Thus, an etching process 1s then performed in step 03
from the backside 220-B of the (e.g., thinned) carrier sub-
strate 220, within the active heating region 230-1 of the IR
emitter elements 200 and up to the insulating material layer
225. The nsulating matenial layer 225 may act as an etch
stop layer. The etching step 120 may use, for example, a
resist mask (not shown 1n FIG. 2C) for defining the regions
to be removed from the carrier substrate 220. When a glass
material 1s used for the carrier substrate 220, a wet-chemical
ctching step may be performed, for example, for providing
the cavities 240. In the case, a semiconductor matenal, e.g.,
s1licon 1s used for the carrier substrate 220, a Bosch etching
process or a wet-etching process may be performed for
producing the cavities 240.

According to an embodiment, step 03 may comprise
ctching a cavity 240 from the backside 220-B by using a
so-called Bosch process or by a silicon wet etching process.

Thus, step 03 of FIG. 2 may correspond to step 120 of
FIG. 1.

Step 04—FI1G. 2D: In step 04 of FIG. 2D, adhesive spacer
clements 250 (or stand-ofls) are formed on portions of the
structured conductive layer 230, which are supported by the
frame structure 220-1 (=remaining carrier substrate 220).
Thus, the adhesive spacer elements 250 are formed on
portions of the structured conductive layer 230 which are
placed with respect to a vertical projection of the first main
surface region 220-A on the frame structure 220-1, 1.e.,
which are supported by the frame structure 220-1. The
spacer elements 250 may have a height h250 1n a range
between 2 and 200 um or between 5 and 100 um, for
example.

According to an embodiment, the adhesive spacer ele-
ments 250 (=spacers or stand-oils) are applied onto the front
side (=process surface) by means of applying or depositing
an adhesive matenal layer (not shown in FIG. 2D), e.g.,
comprising a resist material, a polymer material (e.g., SUS,
etc.) or an epoxy resin material as the adhesive material, on
the exposed surface region of the structured conductive
material layer 230. The adhesive material layer may be
applied by means of a spin-coating process the adhesive
material and may be subsequently photo-lithographically
processed or structured for providing the adhesive spacer
clements 250, for example.

According to an embodiment, the adhesive spacer ele-
ments 250 may be formed an regions of the structured
conductive layer 230 which are adjacent to and laterally
surround the active heating regions 230-1 of the structured
conductive layer 230 (see FIG. 3).

For the spacer elements 250, essentially any resist, epoxy
resin or polymer may be used which can be applied by
means of spin-coating and are capable of being photo-
lithographically processed and structured thereatter.

In case, a SU8 matenal 1s used adhesive material layer,
saild material layer may be slightly heated (=soit baked)
directly following to the spin coating process, for example,
so as to “slightly” (=not completely) cure or harden the
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applied SU8 material for the subsequent process steps,
wherein the SU8 material maintains 1ts adhesive property.
According to an embodiment, step 04 may comprise struc-
turing a stand-oil layer (not shown 1 FIG. 2D) to form the
adhesive spacer elements 250. Step 04 may comprise, for
example, applying a SUS layer including a prebake step.

Thus, step 04 of FIG. 2D may correspond to step 130 of
FIG. 1 and may optionally comprise the sub-steps 132 and
134 of FIG. 1.

Step 05-FIG. 2E: In step 035 of FIG. 2E, a filter substrate
260 (=filter water) having a filter carrier substrate 262 and
a filter layer 264 1s placed on the adhesive spacer elements
250. The filter layer 264 1s formed on a first main surface
region 262-A of the filter carrier substrate 262. The filter
substrate 260 1s placed on the adhesive spacer elements 250
so that the filter layer 264 1s arranged between the adhesive
spacer elements 250 and the filter carrier substrate 262. The
material of the filter carrier substrate 262 is, for example,
transparent for the radiation emitted by the heater structure
230-1 (=active heating regions of the IR emitter elements
230) and transmitted through the filter layer 264.

According to an embodiment, the filter layer 164 of the
filter substrate may comprise a Bragg filter structure or any
other optical filter structures to provide a narrowing (=band-
pass liltering) of the emission spectrum of the radiation
emitted by the heater structures 230-1. The Bragg filter
structure (e.g., a Fabry-Perot {filter structure) may comprise
opposing dielectric mirror stacks (=Bragg mirrors) with an
interposed dielectric spacer layer.

According to an embodiment, the adhesive spacer ele-
ments 250 are formed to laterally surround the active heating
regions 230-1 of the structured conductive layer 230. Thus,
the adhesive spacer elements 250, which laterally surround
the active heating regions 230-1 of the structured conductive
layer 230, and the filter substrate 260 provide further cavities
255 on the active heatmg regions 230-1 of the structured
conductive layer 230, 1.¢., between the filter layer 264 of the
filter substrate 260 and the structured conductive layer 230

of the carrier substrate 220. This may correspond to step 140
of FIG. 1.

Thus, the structured conductive layer 230 may comprise
at least one opening 235 ventilation hole to the further cavity
2355 1n each of the portions 230-1 of the structured conduc-
tive layer 230 which span the cavities 240.

According to an embodiment, the adhesive spacer ele-
ments 250 to the carrier substrate 220, 1.e., to the structured
conductive layer 230 of the carrier substrate 220, and to the
filter carrier substrate 260, 1.c., to the filter layer 264 of the
filter carrier substrate 260, by curing (=hardening or hard
baking) the material of the adhesive spacer elements 250.
This may correspond to step 150 of FIG. 1.

Thus, step 05 of FIG. 2E may correspond to a combina-
tion of steps 140 and 150 of FIG. 1 for bonding the filter
substrate 260 (filter water) to the carrier substrate 220 (IR
emitter waler).

According to step 05, a filter water 260 comprising the
filter carrier substrate 262 and the filter layer 264, 1s bonded
to the IR emitter waler. The filter carrier substrate 262 1s
IR -transparent and may comprise a glass material or an
undoped or lightly doped silicon material, for example. The
optical filter layer 264 may comprise a thickness of 5 um, or
between 1 to 10 um or between 3 to 7 um, for example.

As the material of the adhesive spacer elements 230, e.g.,
the SU8 material or a diflerent polymer, resin or resist
material, 1s not completely cured, the adhesive spacer ele-
ments 250 are still adhesive for the filter water 260. During

subsequent heating (=hard baking) of the material of the
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adhesive spacer elements 250, said matenial of the adhesive
spacer elements 250 1s essentially fully cured. The thickness
ol the spacers elements 250 may range between 4 to 100 um,
or between 30 and 60 um (for SU8=40 um=10 um).

The spacer elements 250 provides the eflect that the
turther cavity 255 over the active heating regions 230-1, 1.¢.,
between the filter layer 264 of the filter substrate 260 and the
structured conductive layer 230 of the carrier substrate 220,
provides still be enough space for the deflectable (mem-
brane-like) active region 230-1 of the IR emitter layer 230,
if, due to the thermal pulses and as a function of the pulse
frequency, a detlection of the active region 230-1 of the IR
emitter layer 230 occurs, so that the active region 230-1 of
the IR emitter layer 230 will not abut or hit the overlying or
opposing optical filter layer 264.

According to an embodiment, step 05 may comprise the
bonding of the filter water 260 to the IR emitter water 220.
Further, in a pre-process the IR filter water 260 may be
provided with Bragg reflector layers to form the filter layer
264 on the filter carrier substrate 262, e.g., an IR transmittive
substrate like Si. Then, the bonding of both waters 220, 260
may including bake of SUS.

Step 06—FI1G. 2F: (optional) In optional step 06 of FIG.
2F, the msulating maternial layer 250 may be release etched
within the cavities 240 of the frame structure 220-1 for
removing the insulating material layer 250 from the struc-
tured conductive layer in the region of the cavities 240. The
release etching step opens the at least one opening 235
(=ventilation hole or vent hole) 1n the active heating area
230-1 of the structured conductive layer 230.

Thus, optional step 06 of FIG. 2F may correspond to step
190 of FIG. 1.

According to an embodiment, a release etching step may
be performed so as to remove the msulating material of the
insulating material layer 225 at least partially from the IR
emitter layer 230 within the active region 230-1. After
removing the insulating material in the ventilation holes 235
(=opening the optional ventilation holes 235), the optional
ventilation holes 235 may provide for a pressure equaliza-
tion during operation between the environmental atmo-
sphere and the further cavity 2535 which 1s formed between
the integrated IR emitter elements 200 and the respective
optical IR filter elements 210 during later process steps (see,
for example, step 06 below).

The ventilation hole(s) 235 may be arranged at the center
of the active region 230-1 of the IR emitter layer 230, e.g.,
with an individual central ventilation opening or with a
perforation at the edge of the active region 230-1 of the IR
emitter layer 230, which depends on the frequency range of
the deflectable (membrane-like) active region 230-1 of the
IR emitter layer 230.

Said release etching step 1s optional. If the insulating
material of the insulating material layer 225 maintains on the
conductive IR emitter layer 230, the thermal mass to be
heated 1s increased, and, consequently, any heating pro-
cesses that may take place will be slower, or will require
more energy, in comparison to the case when the msulating
material of the msulating maternial layer 225 1s removed from
the active heating regions 230-1 of the IR emitter elements
200.

Step 07—FIG. 2G: In step 07 of FIG. 2G, a pre-dicing
step (with a first dicing lane DIL1), e.g., from the second
main surface region 260-B of the filter substrate 260, 1s
performed through the filter substrate 260 for exposing the
contact pads 230-2, 230-2 of the structured conductive layer
230. Thus, the pre-dicing step through the filter substrate 260
comprises a dicing through the filter carrier substrate 262
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and the filter layer 264. The contact pads 230-2, 230-2 are
arranged with respect to a vertical projection to the first main
surface region 220-A on the frame structure 220-1 of the
carrier substrate 220, 1.e., the contact pads 230-2, 230-2 are
supported by the frame structure). This may correspond to
step 160 of FIG. 1.

According to an embodiment, a dicing step (with a second
dicing lane DIL2) 1s performed through the frame structure
220-1 of the carrier substrate 220 for (mechanically) sepa-
rating the integrated IR emitter elements 200 having the
optical filter 210, respectively. This may correspond to step
170 of FIG. 1. Thus, the separated portions of the optical
layer 264 fixed with the spacer element(s) 250 to the
opposing separated portion of the carrier substrate 220 forms
the optical filters 210 of the singulated integrated IR emutter
clements 210.

Thus, step 07 of FIG. 2G may correspond to a combina-
tion of steps 160 and 170 of FIG. 1 for singulating (=dicing)
the mtegrated emitter elements 200 having the optical filter
210.

Moreover, the order of the pre-dicing step and the dicing
step reversed for singulating (=dicing) the integrated emitter
clements 200 having the optical filter 210.

According to an embodiment, the bond pads 230-2, 230-3
are exposed during pre-dicing. The height h250 (5 to 100
um) of the spacers 250 serves as a security clearance so as
to dice merely through the filter substrate 262 and the optical
filter layer 264 during the sawing process (pre-dicing) and to
expose the bond pads 230-2, 230-3. The pre-dicing step may
also be performed by means of a resist mask and an etching
process (instead of sawing). In this manner, smaller gaps (in
form of the first dicing lane DL1) may be achieved during
this pre-dicing step, but a larger amount of manufacturing
expenditure will be required.

Then, as a further dicing step through the substrate 220,
the insulating material layer 225 and the structured conduc-
tive layer 230 1s performed, e.g., by mechanical sawing or
stealth dicing of the individual IR emitter elements having
an optical filter.

With the further dicing step a sharp dicing edge DE
(=cutting edge) through the optical filter element 210 and the
IR emitters 200 may be obtained and, thus, provides a
self-aligned process). Thus, 1n contrast to so-called pick-
and-place processes, wherein the individual components are
placed individually with considerable placing tolerances and
connected individually, the present approach eventually
involves a considerable decrease in the amount of space
required for the complete IR emitters 200.

According to an embodiment, a dicing of the water stack
220, 260 1n two steps (one step for release of bond pads, one
step for complete separation 1s performed.

FIG. 3 shows a schematic cross sectional view 1n the
Xx-y-plane of an array of manufactured integrated IR emaitter
clements 200 having an optical filter 100 according to an
embodiment. The cross sectional view in the x-y-plane
extends through the spacer elements 250.

Thus, FIG. 3 shows an array of singulated IR emaitter
clements 200. The schematic view of the integrated IR
emitter elements 200 further shows the insulating material
layer 225 on the carrier substrate 220, the portions 230-1 of
the structured conductive layer 230 which span the cavities
240, the active heating regions 230-1 and the second and
third portions (contact pads) 230-2, 230-3 of the structured
conductive layer 230, the at least one opening 235 to the
turther cavity 2535, and further the first and second dicing
lanes DL1, DL2 together with the sharp dicing edge DE
(=cutting edge).
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According to an embodiment, the IR emitter chip (singu-
lated IR emitter element) 200 1s realized as a MEMS chip
with a thin heater membrane 230-1, a cavity 240 in the
silicon substrate 220 and optionally a vent hole 235 1n the
heater membrane 230-1. The filter layer 264 on the IR filter
chup (filter substrate) 260 may be realized as a Bragg
reflector with different poly/oxide layers on a silicon sub-
strate 220. As integration a chip by chip stacking on chip
level 1s conducted with a distance holder (spacer elements)
250 which may comprise a SUS (polymer) layer, for
example. The distance holder 250 between the two chips
220, 260 may avoid an excessive heating of the filter chip
260.

In the following, some implementations of the present
method for manufacturing the integrated IR emitter elements
200 having an optical filter 210 and the technical efiects
resulting therefrom are summarized.

The described manufacturing method 100 allows for to
mexpensively and at low cost manufacture integrated IR
emitters 200 having an optical filter 210, ¢.g., for gas sensing
applications, such as PAS gas sensors, wherein the resulting
IR emitter 100 may be obtained with a small form factor
such that it 1s optimized 1n terms of surface area (=footprint)
and used space. Moreover, the integrated IR emitters 200
having an optical filter 210 can be used 1n other applications,
too.

To reduce the size and height of the integrated IR emitters
200 having the optical filter 210 and also to reduce the costs,
the present solution i1s based on wafer level processes and
waler-to-water bond processes. To further reduce the costs
the process 1s setup without any alignment during water
bonding. By bonding of the IR emitter waler 220 with a IR
filter water 260 without alignment of the waters 220, 260 to
cach other a system solution with lowest form factor and
costs can be achieved.

The (optional) thinming of IR emitter device water 220
and the unstructured IR filter water 260 define the desired
final thicknesses. The bonding of both waters, 1.e., the IR
emitter device water 220 and the unstructured IR filter water
260, on water level may be performed with a prebaked
polymer material, an epoxy resin material or a photoresist
matenal, e.g. SUS, on the IR emitter device wafer 220.
Finally, a 2-step dicing of complete system stack of emitter
and filter wafter 220, 260 (including pre-dicing over bond
pads) can be conducted.

Additional embodiments and aspects are described which
may be used alone or in combination with the features and
functionalities described herein.

Although some aspects have been described as features 1n
the context of an apparatus 1t 1s clear that such a description
may also be regarded as a description of corresponding
features of a method. Although some aspects have been
described as features 1n the con-text of a method, 1t 1s clear
that such a description may also be regarded as a description
ol corresponding features concerning the functionality of an
apparatus.

In the foregoing Detailed Description, it can be seen that
various features are grouped together in examples for the
purpose of streamlining the disclosure. This method of
disclosure 1s not to be interpreted as reflecting an intention
that the claimed examples require more features than are
expressly recited i each claim. Rather, as the following
claims retlect, subject matter may lie 1n less than all features
of a single disclosed example. Thus the following claims are
hereby incorporated into the detailed Description, where
cach claim may stand on 1ts own as a separate example.
While each claim may stand on 1ts own as a separate
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example, 1t 1s to be noted that, although a dependent claim
may refer in the claims to a specific combiation with one
or more other claims, other examples may also include a
combination of the dependent claim with the subject matter
of each other dependent claim or a combination of each
feature with other dependent or independent claims. Such
combinations are proposed herein unless it 1s stated that a
specific combination 1s not intended. Furthermore, it 1s
intended to include also features of a claim to any other
independent claim even if this claim 1s not directly made
dependent to the independent claim.

Although specific embodiments have been illustrated and
described herein, 1t will be appreciated by those of ordinary
skill 1n the art that a variety of alternate and/or equivalent
implementations may be substituted for the specific embodi-
ments shown and described without departing from the
scope of the present embodiments. This application 1s
intended to cover any adaptations or vanations of the
specific embodiments discussed herein. Therefore, 1t 1s
intended that the embodiments be limited only by the claims
and the equivalents thereof.

What 1s claimed 1s:

1. A method for manufacturing integrated IR
(IR=1nfrared) emaitter elements having an optical filter, com-
prising;:

providing a carrier substrate having a target thickness,

wherein an insulating material layer and a structured
conductive layer are arranged on a first main surface
region of the carrier substrate, wherein the nsulating
material layer 1s arranged between the carrier substrate
and the structured conductive layer;

back side etching through the carrier substrate for pro-

viding cavities extending between the first and second
main surface regions of the carrier substrate, wherein
the cavities form a frame structure which laterally
surrounds the cavities,

wherein {irst portions of the structured conductive layer

which span the cavities form active heating regions of
the IR emitter elements, and

wherein second and third portions of the structured con-

ductive layer which are supported by the frame struc-
ture form first and second contact pads of the IR emitter
elements;

forming adhesive spacer elements on portions of the

structured conductive layer, which are supported by the
frame structure;

placing a filter substrate having a filter carrier substrate

and a filter layer on the adhesive spacer elements, so
that the filter layer 1s arranged between the adhesive
spacer elements and the filter carrier substrate;

fixing the adhesive spacer elements to the carrier substrate

and the filter carrier substrate by curing the material of
the adhesive spacer elements;
pre-dicing through the filter substrate for exposing the
contact pads of the structured conductive layer; and

dicing through the frame structure of the carrier substrate
for separating the integrated IR emitter elements having,
the optical filter.

2. The method according to claim 1, wherein the step of
forming adhesive spacer elements comprises the following
sub-steps:

depositing an adhesive material layer on the exposed

surface region of the structured conductive material
layer, and

photo-lithographically structuring the deposited adhesive

layer for providing the adhesive spacer elements.
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3. The method according to claim 2, wherein the adhesive
material comprises at least one of a polymer material, an
epoxy resin material and a photoresist material.

4. The method according to claim 2, wherein the step of
depositing comprises spin-coating the adhesive material on
the exposed surface region of the structured conductive
material layer.

5. The method according to claim 1, further comprising;:

release etching the insulating material layer for removing

the insulating material layer within the frame structure
from the structured conductive layer.

6. The method according to claim 5, wherein the release
ctching step opens the at least one opening in the active
heating area of the structured conductive layer.

7. The method according to claim 1, further comprising;:

thinming the carrier substrate from the second main sur-

face region for providing the carrier substrate having
the target thickness.
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8. The method according to claim 1, wherein the carrier ¢

substrate comprises a semiconductor material or a glass
material,
wherein the back side etching step comprises a Bosch-

etching process 1n case the carrier substrate comprises
a semiconductor material, or

14

wherein the back side etching step comprises a wet
ctching step in case the carrier substrate comprises a
glass material.

9. The method according to claim 1, wherein the adhesive
spacer elements are formed to laterally surround the active
heating regions of the structured conductive layer.

10. The method according to claim 1, wherein the adhe-
sive spacer elements, which laterally surround the active
heating regions of the structured conductive layer, and the
filter substrate provide further cavities on the active heating
regions of the structured conductive layer.

11. The method according to claim 1, wherein the struc-
tured conductive layer comprises at least one opening in
cach of the portions of the structured conductive layer which

span the cavities.

12. The method according to claim 1, wherein the pre-
dicing step through the filter substrate comprises a dicing
through the filter carrier substrate and the filter layer.

13. The method according to claim 1, wherein the material
of the filter carrier substrate 1s transparent for the radiation
emitted by the active heating regions of the IR emitter
clements and transmitted through the filter layer.

14. The method according to claim 1, wherein the filter
layer of the filter substrate comprises a Bragg filter structure.
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